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OBJECTIVITY IN MENTAL TESTING REQUIRES THAT TEST
CALIBRATION BE INDEFENDENT OF WHICH FERSONS ARE USED FOR THE
CALIBRATION AND THAT FERSON MEASUREMENT BE INCEFENDENT OF
WHICH 1TEMS AFE USED FOR THE MEASUREMENT. FRESENT PRACTICE 1S
NOT OBJECTIVE, BUT COULD BE SO, AS SHOWN BY THE EXAMFLE HERE
PRESENTED. DATA COME FROM THE RESPONSES OF 976 LAW STUDENTS
10 48 READING COMFREHENSION ITEMS ON THE LAW SCHOOL
ADM1SSIONS TEST. THE FOSSIBILITY OF PERSON FREE TEST
CALIBRATION 1S DEMONSTRATEC BY SHOWING THAT A CALIBRATION
BASED ON THE RESFONSES OF A CUMB GROUF OF STUBENTS CAN BE
NEARLY IDENTICAL WITH ONE BASED ON A SMART GROUF. THE
POSSIBILITY OF ITEM FREE FERSON MEASUREMENT 15 DEMONSTRATED
BY SHOWING THAT ABILITY ESTIMATES MADE FROM SCORES OM AN EASY
TEST CAN BE STATISTICALLY EQUIVALENT TO THOSE MADE FROM A
HARD TEST. THE MEASUREMENT MCCEL WHICH MARES THIS OBJECTIVITY
POSSIBLE WAS DEVELOFED BY GEORG RASCH. IN THIS MODEL THE ODDS
OF SUCCESS ON A TEST ITEM ARE HYFOTHESIZED TO BE GIVEN BY THE
PROCUCT OF THE FERSON'S ABILITY ANC THE ITEM'S EASINESS. IN
ORCER TO FI1T THIS MCDEL ITEMS MUST BE CHOSEN OR CONSTRUCTED
10 HAVE SIMILAR DISCRIMINATION. THE RESULTING MEASURES OF
PERSON ABILITY AND ITEM EASTJESS ARE ON A RATIO SCALE WiTH A
NATURAL ZERO AND A DEFINABLE UNIT. THIS PAFER WAS FRESENTED
AT THE NATIONAL SEMINAR ON ADULT ECUCATION RESEARCH, CHICAGO,

FEBRUARY 11-13, 1968. (AUTHOR/RT)
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r—i Ever since I was old enough to argue with my rals over who had the
- O best 1.Q., 1l say "best’’ because some thought 10C was perfect and 60 was
-
Y passing, [ have been puzzled by menta. measurement. Even that noble

achievement, 100 per cent, is armabiguous. One hunired may sipnify the
welcome news that we are smart. Or it may jusi rnean the test is easy.
Some students pray for easier tests to make them smarter.

We all know one way a test score can more Or less Le used. If
you are willing to accept as a whole the set of {Z:ms making vp a standardized
tagt, you can get a relative measure of ability. I vour perforrmance puts
you at the eightieth percentile amoag coliege me s, wvou'll know where you
stand. Or will you? The same score will alsc sut you at the eighty-fifth,
percentile among college women, at the ninctieth percentile anmong high
school seniors and above the ninety-ninth percendls among high school
juniors. Your ability will depend not only on which iterms you take but
on who you are and the company you keep.

The truth is that a scientific study of changes in ability, of mental
developmient, is far beyond our feeble capacities to make measurernents.
How can we possibly obtain quantitative answere to questions like: How
much dses reading comprehension increase in the first three years of
school? Whar proportion of ability is native and what leavned? oz, What
proportion of mature ability is achieved by each year of childhood?

I hope 1 am reminding you of some problems which afflict present

practice in mental measurement. The scales on which ability is measured

"‘"h...

Cr are elusive and slippery. They have no lagical zero point and no regular

RN unit. Their meaning and estimated guality depend upon the specific set of

J’*\Z‘a‘ frmry . e oV e A dirad rd the v ageienTeoy wbilite dletrileied o i F gl

j: o T B S B A S PR 2 R A ) :J«&‘l AARVAT SN S-S PR RN ’.iiS‘(l’x..)\,s-I. s tne
o

,
‘\‘3 children who happened 10 appear in the st-adardi in, sample,

Nt o

V.

T e Tate T e




if all of a specified set of items have been trixd b2 ild you wsh
to yneasure, then asl you can obiain is his percentils yo ftic among whatever
groups of children were used to standardize "he test. fo.w Ow duovou
fnterpret this measure beyond the confines of that « ot o ltery znd those
groups of ckildren? Change the children and vou have a 32 vardsticr.
Change the itemms and you have & new yardstick. Foowh oo de stion of itermne
measures an ability of its own. Esch measure deprnces Tir s mearing on
its own family of test-takers. How can we wake objesti. e inenial mneasure-

ments and build a science of mental development when w: v ork with rubber

vardsticks?

Obiectivity in Mental Meagurement

The growth ¢f science depends on the developruzut of gbjnctive

methods for transforming observation into mezsurrment The phyeical
dciences are a % ood exarmnple. Their hallmark is tte dev Iopment of
methods for measuring which are 2pecific to the pasagure . ent intended
and independent of variation in the othay characteri+tics oi the objects
%.iéé:;uxé&,or the meaéuring instrurents used. When we wint a physical

r

measurement we do not worry about the individual idenrity »f the measuring
iﬁzs»truxnen't. Wr do not concern ourselves with wha: onjec:: other than the
one we Wdnt to measure might sometime be or once hive 2:en theasured.
It ie sufficient to know that the instrument is 2 menser in geood standing of |
the class of instruments appropriate for the job,

When a man says he is at the ninetieth percentile i. math ability,
we need to know in what group and on what test before w2 can immake 2ny
gense of his statement. But when I gay I'm %'11" do you . sk to see my
yardstick? You know yardsticks differ in colar, temperiture, compositions,
weight, even size. Yet you assume they share a scale of length in a2 manney
sufficiently independent of these secondary characteristi:s to give the
measureinient 5'11" objective meaning. [ may he at a diff:rent ability
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Let me call measurement that pcsseusas this progerty ""objective”
(Rasch, 1960, 9-i2, 109-125; 1966a, 10:-105; 136tb. 53). Two conditions
are ncceseary to achieve it. First, tle calibration of measuring instruments
must be independent of those objects tazt happen to te used for calibration.
We can't have che instrument changing every time we use it Secomnr, the
measurement of objests must be indeperdent of which instrument harpens
tc be used for measuring. ¥ In practice these conditisns can oniy be
approximated. But their approximation is what mak-s nhjective measurement
possible.

Object-free instrument calibratior and insirament-iree object measure-
ment are the conditions which make it pusaible to generailze rneagurement
beyornd the parcicular instrument used, (o compars 0hjects measured on
similar but no® identical instyuments, and o combtine or partition instru-
ments to suit new measurement requirements. ¥%

The guiding star toward which models for sozntal measurement should
aim ie this kind of objectivity., Ctherwise how car wo ever achieve a

quantitative grasp of mental abilities or ever construci a science of rmental

development. The calibration of test item eagziness inust be independent
of the particular collection of persons used for the calibration. The
measurement of person ability must be independert cf the particular

selection of test items used for measuring.

’

* There is a third condition which foliows from tie first two. The
evaluation of how well a given set of observaticns can be tvans{ormed
into objective measurements raust be iudependent of which objects and
wiich instruments ave used to produce the observations. It must also
be reagsonable to hypothesize that objects and instruments have stable
characteristics which do not interact with each other.

X Were it uzeful ro glue three twelve inch rulers together to make a
thirty-six inch yardstick or to saw a thirty-six inch yardstick in three
to make some twelve inch rulers, we would retain cur conf‘dence in
the objective meaning of lensth measurements made with the resulting
new instruments,




When we compare one itern to another in ovder to calibrate items,
it should not matter whose responses to these items we une for the comparison.
Yhis means that our method for test calibretion stould give us the same results
regardicss of whom we iry the test on. That s the only way we will aver be
able to construct tests which have uniform meaning regardless of whorm we
measure with them.

When we test a person it should not maiter whith gelection »f items
we happen to have found couvenient to measuare hizn with or which items he
happens to have found time to complete. We ghowld be able to arrive at
statistically equivalent measurements of hia ability, whatever selection

of items bappen to have been used.

An Individualistic Approach to Item Analyeia

Well, exhortations about objectivity and sarcasm at the expense of
present practices are weli and good. PBut can auything be done about it?

Is there a beiter way? . ”

-

In the old way of dring thinge we calibrate & ’;@.‘ts't‘ on a atandaxrd sample
of persons. Item easiness is defined by the proportion of correct responses
in the sample. Person ability is defined by percentils standing in the gsample.
The approach leans entirely on the appropriateness o the standardizing
sample of persons. .

A different approach is possible, one in which no assumptions are
made about the persons used. This approach aeswnes instead a very simple
xrodel for what happens when any pergon sncounters any item. The mcdel
just says that the outcome of the encounter is governed by the product of
the ability of the person and the easiness cf the itern. That's 21}, nothing

more. The more able the person, the better hio cihances for success with

any item. The more easy the item, the more likely any person is to solve it.

a
3
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This simpie model has a surpriaing consequence fov item analysis.
When measurcinent ig governad by this medel, it .8 pogeille to tike into
account whatever ak lities persons in the caliviration sample happen to have

d to free the calibration of the teat {rom the paz fcuiare of theae abilitiee.
The scores persons obtain on the test can be used to remove the influence
of their abilities from the itern arnalysis.
I learned this kind of item analysis from Gecrg Rasch. But comparable

sugge.tions have been made by others. Some of the :deas have been in print

for years. I don't understand why thiz powerful rmethod is not used in practice.

Perhaps too few recognize the importance of objectivity in rnental
measurernent. Perhaps too many despair that it can ever be achieved., Well,
it can, anc I am here to prove it.

The c¢rucial questions are: Can test calibration really be independent
of the ability characteristics of the persons used to make ibe calibration?
and Can pezson measurement, the estimation of a pexson's ability from a
score on some selection of test items, really be independent of which items
are used fo1 the measurement? |

I have placed aome data in your hands which illustrate that botn of
these ideals can be lived up to in practice. These data happen to corne from
the responses of 976 beginning law students to 48 reading comprehension

iternz on the Law School Admission Test. But they are only one illustration.

Person-Free Test Calibration

In order to examine the dependence cof test calibration on the z2bilities

of these law students let us construct the worst possible situation. Into a
Dumb Croup, we will put the 325 students who did worst on the test. The

best of them got a score of 23, Into a Smazrt Group, we will put the 303

(N

students who did best. The worst of them got a scere of 33. We have two

groups dramatically different in their ability to succeed on this test of

r

reading comprehengion.  Thers are ten poivts Biffe: ance botweer toe smarteat

of the Dumb Group and the dumbeast of the Sraart Gy uyp.
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Of course Figure ! deacribes an exaggerated sitnation. No one in

vig right rmind would attemnpt to bose & tegr calibration on two sucn different

srovps. Bl ths exaggerarion nas a purpass. i le armed gt bringing out

a Leavheroas sroperty of pereca-hound test calibration and at providing

n azid test for zny method which clairng o be person-free,
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Now fes w2 see how well the new way of test cslibration handles this

cengrerated sitaation. T will not burden you with mathematical details, They

3
are coversd in the referances., Should vou become inierested in anplying the .
seothod, let me kaow. 7 have a dandy computer program which dozs it nicely,

acy s technica} wrzite.up which describes every atep, .ot us look at the results.

x : : . . -
Please examine Figure ¢, Same data. Same test. Same stadents.
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in Figure ! the x's mark the test calibration hager on the Dwmt Group.
The 0's rmark the calibration haged on the Smart Sroup. But row, in Figure
2, how different are the two calibration curves?

At this puint you may have & question about how calibration curves
work to turn test acores into ubility messurementas. ¥Xach curve represents
a conversion table. When a person gets a score on the test, then you enter
the graph along tre bottom at that score, lock up vertically to a calibration
curve and then across to the left horizontally to rzad off his ability. In
Figure 1 you would reac ability in group perwentiles, if you could decide
which curve to use. In ¥igure 2 abilily is expressed in Ings. I you do
not like logs you can take the antileg and get an ability measure on a ratic
scale. This may interest you because ability if thern meassured on a scale
where zero means exactly no ability and for which a regular mizaningful
useful unit can be defined, *

In Figure 1 the calibrations curves 4o not corme close 1o cach other,
In Figure 2 they are aimost imiistinguwha'hle‘ ¥4 Would you say that the

difference between the two calibrations in Figure 2 waa of practical signi-

ficance? How much would you care which of these ¢alibration curveg you

used to make the test a measuring instrument for you? And yet the two

WS T e ot 1 ST Py

; groups on which they are based were constructed {c make it as hard as

) ossible to achieve perszson-free teagt calibratior.
: 4 I
5 x For a score of 15, the estirnated log ability 18 about ~L 0 apng th

ratio scale ability ie about 0.4. A score of I3 indicates a log ability
; of about +1.0 and a ratio scale ability of about 2.7. Thus & score of
35 indicates about 7 fimes more ability than a score of 15.

A3k There is a slight systematic difference. But thig reading compre-
hension test was taken as it stood without any modifications in {avor
of fitting the item analysis model. When test items are chosen to
conform to the statistical requirements of the model then no systematic
differences between calibrations are discernible.
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One thing that rnay puzzle you about Figure 2 is the range of test
calibration. Fither calibration curve provides ability measures f{or all
raw scores on the test from 1to 47. How can that be done when neither

group obtaincd more than & fuw of tha ssores poasible?

“he answer lies in the measuring mddel on which these calibration
curves are based. Remember that this model uses no assumptions 2bout
the abilities of the calibretion sample. Its only assumption is what happens
when any person encounters any item. Out of this assumption it is possible
to calibrate 2 test ower its entire range of possible scores even when every-
one in the calibration sample happens to get exactly the same gcore.

That sounds unposs’ble. But it follows directly from this new item
analysis ranodel, The important idea is thﬁt even with the same total score
persons differ in which iterns they gucceed on. When the calibration sample
ig targe these differences can be used to calibrate the items, and hence the
test over ite entire range of possible scores, even though only one score
has acinaily been coserved | _

How would you do that with the present methods of itetn analysis?

Coroparing the calibraticns shown in Figures 1 and 2, then, we can
wee e contrzst betwsen the present way ef doing things, calibration based
on the ability distribuiior of a srandardizing sample, and a new way of doing
things, calibration which is free from the effectz of the ability distribution

of the persons used for the calibration. Which do you prefer? *

& Fven though you used this new way as your basis for calibration you

couid stiil construct all the pereentile standardizations you wanted.
MNothing would prevent you from embedding your ability measures in
as mony sammple contexta as you liked. But, and this is the vilal poiat,
you winid not be bound by those contexts. You would have ar ability
measare which vwas invarisnt with respect to the peculiarities of the
perscrng used o sstaklish vhe tesy calibration. If you were 2 test
man.favure:, yvoaswonld not bave to worry over whether you had
obiained the «ighi stavdardizing samples to suit your customers, Your
Lesh would bo equally valid for all situations in which the test was
rizie. &1 the saiae time, since the calibration was person-iree,
vy data as it came in to verify and lmprove
item ecalibrat.on to add to the itern peool and to document the scope of
gitustinm: n owhish the tesh was funciloning properly. )
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Item-Free Person Measurerment

So much for person-free test calibration., Mow, how abo .t the
cormpanion question. Can ability be mezsured 'n & fashion tha frees 1t

from dependonce on the use of a fixed sut of itemas® Iz itemr-f wo person

¢
measurement pcssible? If a pool of tes: items have hoen calikrated on &
common scale can we use any selection we want from that peo. 1o make
statistically cquivalent ability measuremnent:?

In order to judge whether person measurement can e i:"yﬁepender;t
of item selcction we want a situation thay will make it as d:fficult as
possible for person measurememt to be item-free, r'or tide we 'vill
divide the 48 items on the original test into twe subteats ot £4 items each
with no items in common between them.

It would be tempting to make these subtzeis 2qual in verall easiness.
Then they would be parallel forms. But that would be too tane to chéilen,{ge
a scheme for item-free person measurement, Ingiead the two subtests
will be made as different as possible. The 24 easiest iterrs will be used
to make an Fasy Test. The 24 hardest items will be used to make a Hard
Test. DNMew, under these circumstaznces, what iz the evidence that ability
measurement can be item-free? In other words, what is the »~vidence that
the ahility catimates based on the Fasy Test are statictically equivalent with
those based on the Hard Test?

Why do 1 say atatistically equivalent? We know that thore ace a wide
variety of factors at work when 3 person takes a test. Even knowiug a
person’s ability and an item’s easiness will nat tell we exactly how he will
do on the item. At maest we can say what his chances are. This uncertainty
follows through into his test acore. Even if we could give a person the samc
test twice, wiping all memory of the first exposure from his mind before
his second trial we would not expect bim to get the game score both times.

We know there will be some variation. This uncertainty is an inevitable

part ¢f the situation. It is the exrror of measurement.




In tinding out how itswm-free perstn meagurenent can bu wi must .
make aliowance for this. We cannot ask whether  stimates of ability based
on the Easy Test are identical with thoge based or the Hard Tesi. Butwe
canp ask whether the two estimates are close enough zo that their differences
are what we axpect from the uncertaintizs in the wating"s‘imation. Are
thay close enough in the light of their error of measurernent to be considered
statistically equivalent?

To answer this question we will examine the te:t responaes of the 976
yaw students to the 48 item test. The score each student earned on the whele
test can be split into a subscore on the Kasy Teat and 2 subscore on the Hard
Test. This gives each student a pair of independent 5CoTes each of which
gshould provide an independent estirnate of his veading comprehension abilivy.
In order to corvert thege scores into ability measgures or & comnon gcale Ve
will calculate calibration curves like the one in Figure Z for cach of the
subtests. To do this we will use item calibrations on a s-ale coramon to all
48 items. Then the separate calibration curves for the Eusy and Hard t. sts
will convert scores on these different tests into ability 2stimates on a cornmon
scale. If the data fit the item analysis model, then the independent regults
from these two different tests should produce atatistica.ly equivalent ability

-, {
estimates.

Table ]

The data are in Table 1. The upper half of the table iz an obvious example
af itern-bound person rmeasurement. The 916 law studants average .78 points
more on the Fasy Test than they do on the Hard one. Fow cantwo tests whicn
lead to such different scores be equated to yield comparable ability estimates?

This problern has been handied in the past by referring test scores
back through a percentile table based on some well chosen stapdardizing sample

who have taken both forms. That is cne way to equate two tests that are
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Benjamin D. Wright

Tabie 1

. ITEM-FREE PERSON MEABUREMENT

Test Score

Easy Test Hard Test Difference

17.16 10.38 6.7
0.13 ¢.14 g.1%
3.93 4.29 3.30

Eetimsaied Log AbLlly
Easy Test Hard Test Diffarance

. 464 A0S 561
. 032 . 028 024
. 897 . 868 . 749

GStandardized
Difference

¢. 003

0.032

1.014
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supposed to measure the saine anility. ‘The troubie s that this equation
depends on the characteristice c: the sample of pereons used to equate the
tests. We know that an equaticn baged oa one group nf persons ia not in
general appropriate for equating measuremnients made on persong from
another grouun. |

iz there a better way t0 equate tests? Can we go directly fruom a
test score and a person-free calibration of the test itame {C a4 measure
of ability that does not lean on any particular standa-dizing sample and
that is statistically invariant with respect to those calibrated iterns that

are actually used to obtain the scoxre?

The lower half of Table ! shows how the new approach equates the
Easy and Hard tests. For each person we have his score on the Fasy Test 1
and his score on the Hard Test. For each score we look up the corresponding
estimated log ability on calibration curvee jike the ones in Figure 2. For
each pair of scores we obtain a pair of estirmated log abilities. They will
not be identical. But how do they compare statisticatly?

The diatribution of score differences with a mean of 6.78 and a

statdard deviation of 3. 30 iz almost entirely above zaro. But the distribu-

¢ion of ability differences with = mean of . 0h1 and 3 ptandard deviation of

S e e e e e

. 749 is nicely centered right at zero. On the mverage there alternative

estimates of ability seem to be alming at the same thing.

How does the variation around zero compare with what would be expected
from errors of measurement alone? To cxamine this we will srandardize :
the differences in ability estimatss. For each test score there 15 not only

itz corresponding ability estimate but algso the measurement error which

goes with that ability estimate. The difference between the Fasy Test and d
Hard Test ability estimates can be divided by the measurement error of this '

difference to produce a standardized difference.
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it is the distribution of these standard wed cifferences thac v 11! s how

us whether or not the two ability estimnates ar. siatistically equivalent.

If they are, then this standardized variable sho i have a mean ¢f zero and

a standard deviation of one. Thai would mean tha’ the only variztion ob-
servad in ability entimaies waz of the rarne mmagn'tnd: as that erpacted {rom
the error of measurement in the test. Table 1 show 3 that, for these 976
students, the standardized differences in ability estirnates between the Easy
and the Hard tests have a mean of 0.003 and & standar! devirtion of 1. 014.

Is that close enough to zerco and ope to suit you?

What does item-free person measurement mean {50 test constructors
and test users? If you can make statistically equivale:nt raraon measurements
from any selection of iterns you wish, then all the tricky anl difficult prcblems
of equating parallel forrns, connecting sequential forme, and ~:lating short
and long forme disappear. Incomplete dats ceases o be a prollem. You
can rneasure a person with whatever item he takes.

) Once you have developed a pool of items which coaiorm t this wtem
analysis model and have calibrated these itemns, then you are free to inake

up any tests you wish out of any eelection from thiz ilem pool. M the

bagis of these itern calibrations alone and without any further recourse to
standardizing samples you can compute a calibration curve or 4 =aple of
sstimated abilities along with their arrors of meazurement 1:01- every poseible
scare on any subtest you want.

All guch abilitics wiil be on the same ability acale whateves subset
of itcms they were estimated from. You can measure John on an Fasy Test
.nd Jim on a Hard Test and be able to compare their resulting estimated
abijlities on the same ratio scale. That means you can s:.ly how many times

more of less able John is than Jim in a precise quantitative and meaningfui

way.
You can measure many children with a short test and 2 few with a longer

more precise test and have all the measures on the same ability scale. Think
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of how tf:s would expedite screening and selection procedurz.. The number
of iterms vou gave a child could depend on how close he canie 'o the poim

of decisisa. Children far away on either side would be quickly detected
with a few itema. Only children very near the decision point would reguire

longer tests in order to estirmate more precisely on which side of the critericn

their ability lay.
Yo1 would let the required precision, the acceptable errir of meisvre~

ment, detarmine test length. You would not be bound to any perticula:

predetermined set of items., You could select items (rom a calibrated pocl
and compose test forms externporayeocusly to suit your measur :ment needs. *
Yet all the measurements made with selections of items from this pool would

be located cn one scale and used to define whatever norms you >r your friends

desired. Iadeed, since item analyses would be both person and item free, it 3
would be easy to construct tests so that all new data which came in could be
used directly to veri{y and improve item calibration, to add new items to
the item pool, to document the range of persons with whom the tost was
functioning satisfactorily and to establish and extend ability norms for what-

ever groups were being tested. |

¥ The most important criterion for item gelection is the rnagnitude
of measurement error. Thisg is minimurn when the person being 1
measured has even odds to gsucceed on the item. That means that |
we would like to choose items just right for the person beinyg measured, ;
items just 2as easy as the person is able. In individual or coraprierized
testing where it is possible to choose the next item on the basis of
information gatheved from the persons's performance up to that point,
this rule specifies exactly what item to use next.

¥
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The Itemn Anelysis Model {or Measuring Ability Ubjertively
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By now ! hope I have whetted your appetite tc know more about i
item analyzis model which made these pergon-f{rzs test calibrations and
{tern-free person measurements posgible? The messuring model containa
juct two parameters. One of these belongs to the person and represents
the amount of his ability, Zn. The nther belongs to ‘he item and represents

the degree of item easiness, Ei' The model combincs these two parameters

to make a probabilistic statement about what happens when the person tries

the item.

Here is the measuring model: Tha oddos in {avoer of success, Owl'

are given by the product of the person's ability Z and the item's easiness E . %
g Yy )4 P y I 4

O . =2 E,

ni a1

This is the same a8 gaying that: The probability Pni that 2 person

with ability ZVL will succeed on an 1tem with easinese Ei 18 the product ani :
. ‘

of his ability and the item'a eaginess divided by oze plus this product. **%

P =Z E/M(1+Z E)
n i n i

Tl

This ig the measuring model used to analyze the forty-eight reading

comporehension items on the Law School Admission Test.

™ This can equaily well be expressed in terms of log odds L, log
- - : ni
ability }&n and log easiness Di as
L =log0O =logZ +logE =X +D_ .
ni ni n : © i
The log odds form brings out the situple linenr structure {rorm which
this model derives its optimal measuring properties.

ok This can equally well be expressed in terras of the logistic function as

P =1/(1texp(-(X_*+D))) .

it e
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What does this simple model say about the scale on which person
ability and itern easincss are measured? Odds vary (ror Zero to infinity.
Since this model gives the odda in favor of success us the product of person
ability and item easiness, the matural scale on which to define ability and
easinees als50o varies between zero and infinity.

What does that mean? When 2 person has no ability thea his zerc
ability will give him zero odds in favor of success no matter what item he
tries. With no ability he has no chance of succeeding. On the other hand,
if an item has no easiness, then it is infinitely hard and no one can solve
it. Measurerments made on these scales of ability and eaginess have a
natural zero.

What about the unit of meazurement? Recongider the product of
person ability and itemn easiness. There iz arn indetarminancy in that product.
We can multiply ability by any factor we like and not change the product, as
long a2s we divide sasiness by the samae factor. Thie ghows us that if we
want to niake mezsurements, we will have to define a measurzment unit.

HMow can such a unit bs defined? One w;rmy ig to select a special group
of itemns as standard. Theae items can be chosen on theoretical or normative
grounds. They can be chosen because they represent 2 minimel level of
ability or an optirnal level. Cnce chosen the combined easiness of these iterns
is set at one. This calibration will then define :1';;.wemon's atility as his odds
for success on these standard iteme.

When a person is functiening at about the level of exainezs of theae iterns,
then his ability is about one. If he is below the level of these items, then
his ability is less than one. If in the course of development or education he
doubles his odds for success, that will mean he has doubled his measurec
a%ility. Thus one way a unit or measuremant can be defined is in terms of

even odds to succeed on items selected to e standard.

Ao, PR T o =

A A St
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nnosons. These persons can be chosen because they are typical, or because
they are luminal for gome criteridon or vecause they are the dumbeat persons
you can find., Now the ability unit ia the ability of these standard persons.

If you are just at their standard then your ability is one. If your odds tc
gucceed on any item are twice those of a standard verson then your ability
is two.

In our exploration into what zero means and how to define a unit of
measurement we have uncovered the sense in which measures made with
this item analysis model ave on & ratis scale. When one itern ig twice a: f
casy as another, then any person's odde for success on the easler item ‘
are twice his odds for success on the harder one.

Finally, and most important, this simple item analysis model has
& mathematical property which is vital to objectivity in ms sntal measurement.
When observations are raade in terms of dichotomies like right/wrong,
success/fazilure, then it is a mathematical fact that thia is the only model p
which leads both to person-free test calibration and to item-ivee person ;
measurement. When observaticus are dichotormous, the simple form of

this item analyais model is the gufficient and necegsazy cendition {or ' ]

objective mental measurement.

Test Construction and the Future of Item Analysis

What bearing does this model for measuring ability objectiveiy have a

on the construction of mental teats? The model ig 30 simple that those of

you who have worried about how to do itemn analysis xaay cry out, "What 4
about guessing? Whac about itern discrimination? What.about the influence

i
of one test item on another? ™

It is obvicus that in any vcal testing situation ali of these factors play ]

a part. But rather than "What about them?' I prefer to ask, ""What do we k

want to gl__o_withthem?
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We can construct tests in which guessing plays & big part, in which
items vary widely in their digscrimination and in which the angwer to one
item prepares for the next. But do we want to? Not i we sspire to objective
mental messurementad. 2t wa valug objsaetivity, we wiil ernpley our test

constructing ingenuity in the opposite direction.*

If we use rmultiple chice items, we will devise distractors that make

guessing infrequent, and we will s=lect itemne eagy enough so that the

ig slight. When we pilot atudy the characie stics of

final puol which giscriminaie

motivation to guess

potential items, we will select items for the

equally and fit an objective measuring model.

L

# Most item analysis models use atl leagt two parameters to degcribe
tems. In zddition to the item easiness which is part of the simple
model presented here, thare is also item discrizninaticn. This
represents the itern'a power to magnify or attenuate the axtent 1o
which ability is expreesed. The discovery of item Aiscrimination
wag an important step toward understanding how items behave.
But as a parameter in the ¢inal measuring model it iz fatal to

objectivity.

If itern discrirnination ig allowed to reynain s an active parameter
in thez measuring model, if variation in item diacrimination ic
rolerated in the final poocl of test items, then the pessibility of
person-fres test calibration is lost.

P

digerimination when constructing

It may be useful to estimate item
ontrol tarough item szlection.

an item pool in order to bring it under ¢
But there are rnore genaral atatistical tests for whether an itemn
or a gei of items {it this aimple item analysi= model. These more

generzi tests are more generally useful.

T
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You might complaia that this nice advice 13 impossible to fcilow.
Do not uespair. The reading coamiprehension itams on the Law Scheol
ﬁ.dmis 2ion Test were not constructed for equal discriminaticon o item
indspendence. Thuy are raultiple cholce items with five alternaiives.
They differ considerably in discrimination and they ave grouped around
comrnon paragraphs of text to be read for comprehengion. Yer he simple
item analysis model without guessing, witheut discximination ar ! assuning
itern independence succesded guite well even with thase vafit da a.  This
shows that the measuring muodel is robupt with respect to depar.ares from
its assumptions. We do not have to create & perfect test in order to use
the model. Nevartheless, if we are really intereated in chjectiye mental
measurcrnent, then the ideals of no gueseging, equal discriminarion and
itern independence can guide us toward consiructing better tests. And

the kind of itern analysis [ kawve illustrated can {ransform obsetvations

made with these tests into objective mental measurements.

~#




219

e ranic .

Loevitiger, J.  Pergoen and oy

P < sm.;:)glwd l'»vwv.f, U"

A -

Vol :,j, jo e 1

Rasch, (. Frobhabilisiic Models for Sorme it TR
Test Copenhagen: Danisa

——— e o A b

Cnapters V-VII, X,

Qoasch, G, "On Geoneral laws

tation as Peychornet |
4'.7'" it

Forne lviellipesce .nd Attainmment

end the Meaning cf M -

i

encenty.

© w———

b Ingtitute for Eeu. zcwmal Research, 1960,

surement in Psychlology, "
uxy on Mathernarical

Berxeley Syropos

In Proceedings of the Fourth
Cg_';_ 13t--,s, Hcrkeley: Uriversity of California ‘ress, 1261, Vsl IV,
e j

“an hxdwiﬁualiqtic Approach to Item Anz
! Geience,  Edited by

rat ae prren o e e e

Science x%esea.r:;h Asso-iatas Ina., '5

Ra.:sc’h, G.
in Mathe ,maf.r‘rﬂ S0

o -

s o o——a e wr—t- >

Chicago.

"An Item ﬁ:‘na‘iﬂ,.'sie w'*z.ich iales Individuaa
" Britigh Journ

Rasch, G.

A 1 of Mamem tie 73 arn -m

yais. ' In Rzadings

P iputhiinpy

arsield and Henry.
&6, pp. 39-107.

MNifferences into
Statistical Psychology.

Account.
L.ondon, L96b, Vol.

P

po. 49-5

19, Pa.rt i,

K. "Review of Probabilistic Models Jor

Sitgreaves,
Tesls' Paychometrika, 1963, Vol

Attainrnent

Wright, B. and Panchapakesan, N.

Sorte Imtelligence and
23, pp. 219-220.

A Procedure for Sample-Tree Item

Aralysic" Department of Fducation, University «f Chicago,

January,

1868,




